The mathematical model of an accelerator can be used to control its operation and also to simulate its behavior. Part of the model is the conversion between the computer controlled digital setpoints of the magnets and the actual field acting on the average particle in the magnet. We are using tune, dispersion and chronaticity measurements to calculate this conversion, thus calibrating the model rather than the magnets themselves. This is one way to include effects, not taken directly into account in the model. The model has to be calibrated at different beam momenta, and possibly at different beam intensities.
Model calibration
The mathematical model of an accelerator can be used to control its operation and also to simulate its behavior. Through the use of such modeling programs it is possible to control a few important machine parameters rather then the many individual magnets. Such programs have been developed for the current generation of accelerators, and the RING program at the NSLS falls into that category.
The control and predictions are as good as the models themselves. All models represent a simplification, thus introducing deviation of the real machine from its mathematical model. The accuracy of the model is limited by the approximations made in describing the structure and components of the accelerator and the behavior of the beam, by the omission of some effects from the model and also by the errors and uncertainties of magnet calibrations which are incorporated into the model (see Fig. 1 only when the magnet's "working point" falls into the saturation region, but also due to non-linear effects in the rings, which were not included into the model.
The advantage of this method is, that it compensates for any inaccuracy in the magnet measurements. Actually, there is no need for magnet measurements at all, which might be of great help for super large accelerators where accurate measurement of all magnets is very time consuming and costly.
Inaccuracies in the calibration
There are effects, not directly included into the model, whose significance are different under different operational conditions. This introduces some inaccuracy into the model calibration. For example, as the beam intensity is increased, different beam instabilities will be important and they effect the measured tune.
